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SUMMARY 

A ser ies  of f ive   f la t   p la te  models of aspect  ratio 2.0 with 25-percen';- 
mean-aerodynamic-chord flaps have been tested at Mach numbers from 0.5 
t o  1.1 t o  gain  information on the  effect  of aweepback  on f lap  effect ive-  
ness. The fixed  portion of each model had f l a t   pa ra l l e l   s ides  with a 
thickness of 3 percent  baeed on the average  chord and an e l l i p t i c a l  nose. 
The flaps, which tapered t o  a fine edge, were also flat-sided. - Relative  f lap  effectiveness was determined qualitatively fram the 
change in  f loating  angle of freely  pivoted a i r f o i l  models caused by fixed 
chaTlges In f l ap   b f l ec t ion .  A n  unswept  model had the  highest  flap 

leading and t r a i l i n g  edges) had the W e s t  variation of f lap  effect ive-  
ness and the lowest effectiveness throughout the speed  range. Other 
models w i t h  45O sweptback leading edges and various amounts of t ra i l ing-  
edge sweep less than 45O had flap-effectiveness  characteristics between 
the extremes already mentioned. In  no case did the  flap  effectiveness 
f a l l  off t o  zero or  rever8e and there waa less difference between the 
effectiveness  characteristics .of the models tested  than had been measured 
i n  previous t e s t s  of swept and  unswept models of greater  thickness and 
higher  aspect ratio. Also, there was no. large dip  (decrease  followed by 
recovery) in  the  effectiveneas  curves near a Mach  numbel? of 1. Supple- 
mentary t e s t s  on the model hcring 450 sweep at the  leading end t r a i l i ng  
edges wi th  only the outer  half of the f l a p  deflected showed that the h a l f -  
span f lap  had s l igh t ly  over 40 percent  the  effectiveness of the  fulll-span 
S a p .  

b effectiveness a t  subsonic  speeds. Tke most highly swept model (450 a t  

- Some var ia t ion   in  Reynolds number  was obtained in   the  tests, for 
example, a t .  M = 0.8 the Reynolds nm3er ranged from 700,000 t o  lJ5OO,OOO. 
Over t h i e  rarge f l a p  effectiveness  decreased  nokiceably w i t h  increasing 

c Reynolds nmber  for all the models tested. 
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INTROMTCTION 

Investigations conducted on various a i r f o i l  models i n  the  transonic 
speed range have sham that there is i n  many cases a large  variation of 
control  effectiveness  with Mach  number. Tests reported  in  reference 1 
indicate  that  an a i r f o i l  of r e c t q u l a r  plan form with a plain  f lap was 
subject   to  a large loss in  control  effectiveness at speeds  near  sonic; 
whereas tests  discussed  in  reference 2 indicate  that an a i r f o i l  of extreme 
sweepback and low aspect  ratio with a sweptback trailing-edge  flap main- 
tained  substantially  constant  control  effectiveness through the  traasonlc 
speed  range. In order  to  obtain more infomation on the  effects of Mach 
number on control  effectiveness, tests have been  conducted on f ive  a i r f o i l  
models having an  aspect  ratio of 2.0. O f  these modela,  one w a s  w w e  t 
and the  others had 45' sweepback a t  the leading edge and -30°, Oo, 30 8 , 
and 45' sweepback of the f l ap  hinge l i ne  and the  t ra i l ing edge. A l l  the 
models had the same span and area and had a full-span  f lap wi th  a chord 
equal t o  25 percent of the mean aerodynamic chord. The fixed  portion 
of each model  had f la t  pmallel   s ides  with a thickness of 3 percent  based 
on the average  chord and had an e l l i p t i c a l  nose. The f l a p s  which tapered 
t o  a fine edge were a l s o  flat-aided. 

The t e s t s  were run by the wing-flow method,  which is described i n  
reference 1. A s  a measure of control  effectivemas, the variation  with 
Mach  number of the  f loating @e of each model about a pivot  approxi- 
mately 5 inches ahead of the  center of the model for  several   f lap settings 
waa determined. The flap  deflections  tested were in   t he  range from -2O 
t o  7.5O and the  tes t  Mach  number range was approxbately 0.5 t o  1.1. It 
WBB possible to obtain some var ia t ion   in  Reynolds number independent of 
Mach nmber by making rum at several  altitudes. The test range of 
Reynb3.de  numbers  was f r m  500,000 t o  l,&IO,OOO. 

Supplementary t e s t s  were made on the  model  which  had 45O sweepback 
of the  leading-edge,  trailing-edgqand-hinge line in  which only the  outer 
half  of the  f lap w a s  deflected. The purpose of these  tests was  t o  
obtain an indication of how much the  flap  effectiveness on a sweptback 
a i r f o i l  surface varied  with sparrwise flap  position. 

APPARATUS AND TESTS 

The investigation was made using  the method of tes t ing emeIU. models 
i n  the high-speed  flow  over an airplane wing (reference 1) A modified 
armunition door on the w i n g  of a P-51D airplane w a s  used t o  mount the 
test apparatus. 

Drawlngs and photographs of t he   a i r fo i l  models and the test apparatus 
.I 

are  presented in  f igures 1 t o  4. The models  were made of B-inch f l a t  1 
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steel   p la te .  The airfoi l   sect ions were of uniform thickness back t o  
the  f lap hinge l ine   wi th   e l l ip t ica l  noses. The quarter-chord  flaps 
tapered i n  thickness from '8 inch at the  leading edge t o  a t h i n   t r a i l f n g  
edge. The Junctures between the  f laps and the  fixed  portions of the models 
were  formed by semicircular grooves  approximately  --inch  deep and --inch 
wide cut  in  both  sides of t h e  plates.  Setting of the  f laps at a desired 
angle was effected by bending the  plates at these grooves. It has been 
calculated  that changes i n  f lap  def lect ion  in   f l ight  due t o  aerodynamic 
loads were negligible. An end plate, curved t o  follow  the  contoar of' 
the  airplane wing, was attached  to each model along the roDt  chord. The 
end plates were 4 inches  across and ei ther  round o r   e l l i p t i c a l  depending 
on the  chord of the m D d e l .  There  w a s  approximately  8-inch  clearance 
between t h e  end plate  and the   t es t  panel. The models were supported on 
shanks, which passed  through a slot in   the   smnuni t ion-cmpar tn t  door 
and were attached t o  a position  recorder. The models were Al.ee t o   f l o a t  
a t  the angle of attack for  zero pitching moment about the  pivot axis on 
a n  arm approximately 5 Inches i n  length. 

Y 1 
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In  these tests, the change in   f loa t ing  angle of a model  due t o  a 
change in  f lap   se t t ing  was measured as an indication of re la t ive   f lap  
effectiveness. Because of zhe f i n i t e  length of the pivot arm and the 
mcrment about the aerodynamic center  caused by flap  deflection,  the  values 
of relative  flap  effectiveness  obtained are higher  than  the  true  values. 
However, the drag acting on the model produces a restoring tendency which 

are  afFected by any movenent of aerodyndc  center  pcmition. The change 
in   f loa t ing  angles with  flap  deflection as measured In  these  tes ts ,  

of attack of a similar a i r f o i l   i n   f r e e   f l i g h t  with the center of gravity 
a t  the same re lat ive  locat ion a6 the pivot i n  the model tests. 

L tends to   o f fse t  this efrect .  I n  addition, the floating angles obtained 

m however, represents  the  effectiveness of the f l ap  i n  changing the angle 

The direction of l o c a l   a i r  flow was determined by means of a wedge- 
shaped free-floating vane  which was located on the  airplane w i n g  approxi- 
mately 20 inches  oxtboard  of  the model. The spacing of the vane and 
model was such that t h e  mutual inierference was believed  to have been 
negligible. The  method  of mounting the vane end of recording its angular 
position was the same 88 for the model. The difference between the 
direction of flow a t  the vane location and a t  the m o d e l  locatfon had been 
determined prior  to  the model tests through the use of a second vane 
mounted at the m o d e l  location. 

The loca l  Mach  number w a s  determined from pressure-dlstrlbution data 
whick. had been taken at the  test  section  before model or vane w a s  installed.  

alrplane w i n g  were measured at   the  model station-  Typical  plots of 
chordwise and ver t ica l  Mach  number gradients are presented  in figure 5. 

.. Pressure gradients chordwise and spanwise and perpendicular t o  the 

. The spanwise gradient was negligible. The effect ive  local  Mach  number 
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for  a  given flight Mach  number and l i f t  coefficient was taken  as  the 
mean for  the  area of the model. Both chordwise and ver t ical  flow gradients 
were considered. 

Testa were run first w i t h  the  f lap8  set   at  0' i n  order t o  eliminate 
errors  due t o  incidence or twist of models or  vanes- The flap  deflections 
usually tes ted were approximately Oo, 3O, and @. Because of the method 
of sett ing  f lap  deflections,  no ef for t  waa made t o  obtain  exactly  these 
angles. However, the  actual  deflections were measured to  within fO.lO. 
For each flap  deflection  three rum were made,: a  dive from 28,000 fee t  
t o  an airplane Mach number of 0.73, a  dive from 18,000 fee t  t o  M = 0.68 
and a run a t  5000 fee t  where the Mach  number WBB decreased from M = 0.64. 
The Reynolds numbere based on average  chord in   the stream direction 
ranged f r o m  a minlmum  of 500,000 t o  a maximum of 1,&0,000. A plot 
showing t e s t  Rexnolds numbers is  presented in figure 6. The t h r e e   c m e a  
correspond t o  the  three rum discussed above  and are labeled  circles,  
squares, and  diamonds to  identify  the corresponding data   in   f igures  7 
t o  ll. 

FXESENTATION OF DATA 

Presented in   f igures  7 t o  11 are plots of floating angle against 
Mach  number for each model tested. The value6 of flap deflection  given 
in  f igures 7 t o  11 were measured i n  a plane  perpendicular t o  the hinge 
line.  Figure  12  contains comparative plots of the values obtained  for 
the change in   f loat ing angle produced by a 6' increment of flap  deflection. 
The measured data  are cnmpared  on the  basis of equal amounts of deflection 
with  the  angle measured i n  a plane perpendicular to   the hinge -1s and 
wi th  the angle measured i n  a plane parallel t o  the air flow. A180 with 
these two conventions for measurement of deflection,  the  data are compared 
a f t e r  being  corrected  in  proportion to the  differences  in  the  ratio of 
flap  area t o  t o t a l  area. This correction is  based on the assumption that  
flap  effectiveness  varies linear33: with  the r a t i o  of flap  area t o  t o t a l  
area. The errors introduced by t h i s  assumption are smsll hut of unknown 
mqnltude. The data of figure 12 were obtained fram the low Reynolds 
number rum which extended to  the  highest velue of Mach number. 

Y 

T 

Figure 13 contains p lo t s  of f1C;ating angle against Mach  number for 
the model which was swept back 45O at  leading edge and t r a i l i ng  edge wi th  
only the outboard half' of the  f l ap   b f l ec t ed .  Figure 1 4  presents  a 
comparison of the change in   f loat ing angle due t o  a 60 change in   f l ap  
deflection for the half-span and full-span flaps. 
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. DISCUSSION OF RESULTS 

* 
Because of the low Reynolds number renge c0vere.d and other  limitations 

of the   t es t  procedure, ,it is believed  that  the data presented  herein ere 
of value only for  establishing  trends. A discussion of the  data  presented 
in   f igures  7 t o  1 4  follows. 

The  unswept  model had the  highest  flap  effectiveness at low speeds 
but wag subdect t o  the  greatest  loss i n  effectiveness due t o  compressibility 
effects.  The model  which wa8 swept back 45O at leading and t r a i l i n g  edges 
had the smallest change in  flap  effectiveness  with Mach number, but had 
the lowest flap  effectiveness  throughout  the speed  range. The other 
models t e s t e d   f e l l  between these extremes. 

In no case did the  flap  effectiveness  reverse  or fall off t o  zero. 
In  the  present  tests no extrame difference between the  f lap  effectiveness 
of the swept and unswept models waa noted.  Previous t e s t s  of a i r f o i l  
models having thicker  sections and higher  aspect r a t i o s  have a h a m  some- 
what greater  difference in the  f lap  effectivenese of swept and unswept 
models at high Mach numbers. 

Comparison of the data fo r  the  3-percent-thick unswept f loat ing model 
with t h e t  obtained in  reference 3 for  an  a i r f o i l  having  a similar plan form 
and e NACA 65-009 section showed considerably  dlfferent  fJ9p-effectiveness 
characterist ics near a Mach  number of 1.0. The 9-percent-thick a i r f o i l  
was subject t o  an abrupt loss of 30 or 40 percent i n  flap  effectiveness 
a t  a Mach  number of 0.9. Most of this loss was regained by a Mech number 
of 0.98. There was  no such dip in  the  effectiveness curve for   the  f lap on 

i the  3-percent-thick unswept model which w a s  used in  the  present  tests.  

The effectiveness of the  outboard  half-span  flap on the model having 
45' sweep at leading and t r a i l i n g  edges was s l igh t ly  over 40 percent  as 
great 88 the  effectiveness of the f U - s p a n  flap. 
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Over  the  range of Reynolds nmber covered, for  example, fran 700,000 
to l,5OO,OOO at M = 0.8, flap effectiveness  decreased  noticeably with 
increasing  Reynolds  number. 

Langley  Memorial  Aeronautical  Laboratory 
Nationel  Advisory Camittee for  Aeronautics 

Langley  Field, Va. 
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Figure 1.- BraKing of the S d e 0  of five airfoils naed for flap ef'fectiveneea investigation. 
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Figure 2. - Photograph of the serles of flve airfoils used for the flap-effectiveness investigation. 
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Figure 3.- Photograph of unswept floating model and angle-ofattack vane mo'mted on test panel, G 
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Figure 4.- Section vlew with unevrept model in place on pivot arm. 
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Figure 5.- Concluded. 
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Figma 51.- V a r l a t i c m  of floating angle with local W h  number for the airfoil swept 450 at  the htUng 
dga and m m p t  at tbe hinge llne or traw edge. UI 
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F*mre 12.- Cmaar*ann nf f l a -  effeat:venoen f o r  the  five floating 
rnoAeln barred on ~ e a a n r e ~ e n t  of fla? anglen ~nry.TUS(culer end 
rarallel  t o  t h e  s i r  strewn with and without lineor correction 
f o r  rltfference In f l a r  areas. 



F i m  13.- Variation of  floating angle with local Mach nmber for the model with 450 m e p  of leading 
edge, hinge line, and trailing edge nith only the outer balf of the f l a p  deflected. w Iu 
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